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O. Nzewi,1* R.D. Slight2 and V. Zamvar2Departments of Cardiothoracic Surgery, 1Royal Victoria Hospital, Grosvenor Road, Belfast BT12 6BA, and
2The Royal Infirmary of Edinburgh, 51 Little France Crescent, Edinburgh EH16 4SU, UKBlunt traumatic aortic transection (TAT) is an uncommon injury in clinical practice that is associated with a high morbidity
and mortality. The approach to patients with such an injury is controversial with specific regard to the most effective
diagnostic tools, timing of surgical intervention and mechanisms of spinal cord protection.
Chest X-ray with widening of the mediastinum is unreliable as a diagnostic tool. Contrast enhanced helical CT Scan has
replaced the traditional angiography as the screening diagnostic tool of choice
Emergency thoracotomy and repair should be reserved for the few patients with isolated TAT without any major concomitant
injuries. Delayed management approach with aggressive blood pressure control and serial radiological monitoring is a safe
and recommended option for those with severe concomitant injuries or other medical co-morbidity that puts surgery at high
risk. Active augmentation of the distal perfusion pressure during cross clamp offers the best protection against development
of paraplegia during open surgical repair.
Endovascular stenting offers a minimally invasive method of treatment but the long-term durability of the endovascular
stent is still unknown. We feel that the greater feasibility of the endovascular repair in the acute phase of the thoracic injury is
an advantage over the open surgery and should be the treatment of choice in patients with severe concomitant injuries.Keywords: Aortic rupture; Blunt trauma; Aetiology; Diagnosis; Management.Introduction
Blunt traumatic aortic transection (TAT) is an uncom-
mon injury in clinical practice that is associated with a
high morbidity and mortality. The approach to
patients with such an injury is controversial with
specific regard to the most effective diagnostic tools,
timing of surgical intervention and mechanisms of
spinal cord protection.
Due to the rarity of TAT, a high volume Trauma
Centre may only handle 2–3 cases per year.1,2 In the
whole of Great Britain, for the year 2003, only 21 cases
of TAT came to surgery.3 Subsequently, very few
surgeons are able to accrue the personal experience
required to develop evidence-based practise.
This review provides an in-depth analysis of TAT
with an emphasis on the critical aspects of its
epidemiology, diagnosis, medical management, anding author. Mr Onyekwelu Nzewi, FRCS, Department
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modality using endovascular stent graft is
highlighted.Epidemiology
TAT is a potentially lethal injury that is second only to
head injury as the most common cause of death
following blunt trauma.4 Autopsy studies following
blunt thoracic injury have estimated the incidence of
TAT at between 13 and 20%.4–6 Parmley et al.
conducted the first extensive review of thoracic aortic
injury in 1958.7 Their analysis of 275 cases of TAT
demonstrated an out of hospital mortality of 86.2%.
Despite significant advances in pre-hospital manage-
ment this figure has shown very little improvement in
four decades.4–6
Road traffic accidents accounted for over 75% of
cases of TAT in most series.1,5–7 Subsequent aortic
injury is generally thought to result from rapidEur J Vasc Endovasc Surg 31, 18–27 (2006)
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This is usually interpreted as being attributable to
head-on impact. Interestingly, however, 24% of cases
from a North American prospective study were found
in cases of side impact, and 4% involved a collision
from the rear.1 All passengers, including the driver,
front and back passengers are equally at risk. Other
causes include fall from height, compression by heavy
object, and direct blow.6,7Site of Injury
In blunt thoracic trauma patients, the commonest site
of aortic tear is distal to the left subclavian artery and
proximal to the third inter-costal artery; this area is
commonly referred to as the isthmus.8 This area
accounts for the site of injury in approximately 54–
65% of cases in autopsy series5,6 and in over 85% of
cases arriving at hospital alive.9–12 Other less common
sites of injury are the ascending aorta, aortic arch,
lower descending thoracic aorta and the abdominal
aorta. Transection of the aorta at these levels is thought
to require a far higher degree of force, usually resulting
in death at the scene of the impact.Pathology
Occasionally ragged, spiral, or longitudinal ruptures
occur, however, the majority of the aortic injuries are
transverse tears with relatively smooth margins. The
pathology varies from a simple sub-intimal haemor-
rhage, with or without intimal laceration, to complete
aortic transection. Parmley et al. classified the lesions
into six groups: (1) intimal haemorrhage; (2) intimal
haemorrhage with laceration; (3) medial laceration; (4)
complete laceration of the aorta; (5) false aneurysm
formation; (6) peri-aortic haemorrhage. Patients that
survive to reach hospital are most likely to have
sustained an incomplete non-circumferential lesion
limited to the intima and media where the rupture is
contained by the strength of the tunica adventitia and
the mediastinal pleura.7Associated Injuries
Multiple organ injuries are frequent in both survi-
vors and non-survivors of TAT. Non-survivors on
average have four associated injuries in contrast to
two sustained by survivors.4 Almost every organ in
the body can be involved in the initial injury. Fabian
et al. observed closed head injury in 51% of caseswith intra cranial haemorrhage in 24%, multiple rib
fractures 46%, pulmonary contusion 38%, upper
limb fracture 20%, pelvic injury 31%, liver injury
22%, spine fracture 4%, spinal cord injury 4%,
maxillo-facial injury 13%, diaphragmatic rupture
7%, and cardiac contusion 4% amongst other
injuries.1 In this study, the mean injury severity
score (ISS) was 42.1, and the mean Glasgow coma
scale (GCS) was 12.1. A similar high incidence of
multiple organ injury was reported by Wahl et al. in
a retrospective analysis.13 Isolated traumatic aortic
disruption following blunt injury is less common
with Galli et al. recording only three cases out of 42
patients in their series.12Mechanism of Injury
The isthmus is the commonest site for aortic injury.
The vulnerability of this particular part of the aorta
does not suggest direct trauma as the principle
mechanism of injury. The deep location would seem
to protect it from rupture by anterior blows on the
thorax. The ligamentum arteriosum (Botallo’s liga-
ment) fixes the aortic isthmus to the left pulmonary
artery. The area of attachment may act like a hinge on
which the aortic arch may move, hence it is subject to
shearing forces during violent injury. Differences in
mobility between the arch and the descending aorta
have been postulated to explain the predilection for
this classic site of TAT.8,14
There is some evidence that the aortic isthmus is
inherently weaker than other parts of the thoracic
aorta. Landevaal et al. measured the breaking
strengths of rapidly stretched strips of aorta free of
adventitia. They found that the isthmic wall was about
two-thirds the strength of the ascending aorta wall,
with the descending aorta having an intermediate
strength. The ‘water-hammer’ theory is based on this
fact. Sudden increase in the intra-vascular hydrostatic
pressure at the time of impact can cause a tear in the
aorta at its weakest point.15
The above mechanisms cannot explain injury at
other aortic sites. Thus, the ‘osseous pinch’ theory has
been proposed.16 Compressive forces from blunt
thoracic trauma may cause the osseous structures of
the anterior thorax (manubrium, first rib, medial
clavicles) to rotate posteriorly and inferiorly around
the axes of the posterior rib articulations. When the
traumatic force becomes sufficiently large, the anterior
osseous structures impact upon the vertebral column,
which tears the interposed vascular structures. In an
experimental model, Crass et al. were able to
demonstrate injury at the isthmus by thisEur J Vasc Endovasc Surg Vol 31, 1 2006
O. Nzewi et al.20mechanism.16 Furthermore, CT scan evidence of this
mechanism was apparent in 22 patients with lacera-
tions of the proximal descending aorta. The projected
site of impact of the anterior bony complex with the
spine in this model corresponded to the actual injured
aortic segment as determined by angiography.17Diagnosis and Investigation
The possibility of TAT should be considered in all
patients who are involved in a major road traffic
accident, regardless of the direction of impact or the
absence of physical signs of thoracic injury. An
appropriate staged evaluation aimed at excluding
this injury should be initiated promptly.Chest X-ray
Plain chest X-ray remains the first line-screening
tool. An erect PA view is better in defining any
abnormality than a supine AP view but it is not
always possible in patients with severe injury.18
Widening of mediastinum is the most frequently
cited chest X-ray finding that triggers additional
investigative work-up for TAT.1,19,20 A widened
mediastinum is defined as a width greater than
8 cm at the level of aortic knob or a mediastinal/
chest width ratio greater than 0.38.21–23 The positive
predictive value of a widened mediastinum for
traumatic aortic laceration at the isthmus is about
15%.20 Other chest X-ray abnormalities of the
mediastinum that might point to the diagnosis of
traumatic aortic injury are: obscuring of the aortic
knob, depression of the left main stem bronchus,
deviation of a placed nasogastric tube, opacification
of the aorto-pulmonary window, widened para
tracheal and para-spinous stripes and apical cap-
ping.18–20,23–27 Pneumothorax and haemothorax may
be suggestive but are generally non-specific find-
ings.20 Equally non-specific is the association with
fracture of the thoracic skeleton.28–30 Overall, the
sensitivity of plain X-ray in diagnosis of traumatic
aortic injury is 55.5% with specificity of 64%.31 A
negative chest X-ray does not exclude blunt aortic
injury and when suspicion is high based on the
mechanism of the injury additional screening tests
should be carried out. Fabian et al. in a prospective
study documented negative chest X-ray findings in
7% of cases while Gammie et al. observed this in
12% of their series.11,32Eur J Vasc Endovasc Surg Vol 31, 1 2006Computed tomography (CT)
CT scanning is recommended as a screening tool for all
patients with blunt thoracic trauma.33–35 Features on
CT scanning suggestive of aortic transection include:
mediastinal haematoma contiguous with the aorta,
false aneurysm, irregularity of the aortic contour and a
divided aortic lumen or intimal flap.35 With the newer
generation helical or spiral CT scanners, the acqui-
sition of images is fast and the resolution good thereby
eliminating the two main problems with the older
generation scanners. The 3D reconstructed images
from contrast enhanced CT are similar to those of
conventional angiography, and are presented in a
format that can be of much help in planning patient
management.32
A sensitivity of 100% has been reported with the
helical CT scanner in the diagnosis of TAT in
patients investigated for blunt thoracic trauma.31,32
Specificity, however, remains approximately 83–95%
and, therefore, an indeterminate scan or cases with
peri-aortic, middle or superior mediastinal haemor-
rhage may still require supplementary angiographic
evaluation. Also injury at the aortic root with
involvement of the aortic valve may be missed on
CT. The helical CT scan will replace angiography as
the screening diagnostic tool of choice for TAT. Galli
et al. recorded a reduction rate in angiograghic
diagnosis of TAT from 100 to 42% and a con-
comitant increase of CT scan usage from 28 to 100%
between 1981 and 1992 in their Institution.12
CT scanning is easy to perform, non-invasive and
readily available in most trauma centres. The images
can be interpreted with moderate expertise and,
therefore, this appears to be the ideal investigation
for patients with blunt thoracic trauma. CT scanning is
also valuable in concomitant evaluation of abdominal,
head and spinal injuries, which are common in
multiply injured patients. Furthermore, CT has been
shown to be of great value in the follow-up of TAT
when a delayed management strategy is employed.12,
36Transoesophageal 2D echo (TOE)
TOE diagnosis is based on the identification of
mediastinal haematoma. This is defined as the
presence of a distance greater than, or equal to,
7 mm between the oesophageal probe and the aortic
wall at the level of the proximal descending thoracic
aorta, together with the presence of an ultrasound
reflection suggestive of blood interposed between the
aortic wall and the visceral pleura.37,38 The major
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training and expertise to interpret results and that it
is not readily available. Furthermore, it lacks the
sensitivity and specificity of either the CT scan or
angiography.31,39 Minard et al. reported a sensitivity
and specificity of 57 and 91%, respectively, compared
with aortography for which sensitivity was 89% and
specificity was 100%.39
Visualisation of the ascending aorta and arch can be
difficult with TOE and injuries in these areas can be
missed.40 It is, however, a useful tool in monitoring
small intimal tears for progression with conservative
management and can be a valuable screening test for
TAT in patients with a normal mediastinum.41,42Angiography
Angiography used to be regarded as the gold standard
diagnostic confirmatory test for TAT. It remains the
most widely used confirmatory investigation prior to
surgical management until recently.1,9,43
Aortic angiography is a very sensitive and accurate
diagnostic tool. In a retrospective analysis of 314
patients with blunt thoracic trauma investigated by
angiography Sturm et al. observed a diagnostic
accuracy of 99.3%.44 Fabian et al. documented a
specificity of 99% and a positive predictive value of
97%.32 It is, however, an invasive procedure requiring
a complex set-up. In addition, the process is not
without risk: cases of free rupture leading to death
during or immediately after angiography have been
reported.4 There is also a small incidence of false
positive reports, which may lead to negative
thoracotomy.45
Conventional angiography uses a retrograde
femoral approach and the standard projections
include left anterior oblique and lateral to cover the
ascending aorta, origin of the great vessels and distal
thoracic aorta. A considerable bolus of contrast is
required, and this may cause renal impairment in
critically ill patients. Various modifications have been
introduced in the form of intravenous or intra-arterial
digital subtraction angiography.43,46,47 Exposure time
and volume of contrast is markedly reduced by these
techniques. There is some evidence that intra-arterial
digital subtraction angiography is as good as conven-
tional angiography techniques.43 The use of non-ionic
contrast and use of intravenous mannitol are measures
that can reduce the incidence of renal impairment but
the cost of this contrast is so prohibitive that most
angiographers do not use it. In the current era,
angiography is reserved for cases of indeterminate or
very equivocal CT scan.Algorithm for Screening Cases of Suspected TATManagement: Immediate or Delayed Surgical
Repair
The traditional approach to the management of TAT
due to blunt thoracic trauma has been early diagnosis,
followed by emergency thoracotomy and repair with
the aim of minimizing the risk of death from rupture.
This practice followed the landmark paper by Parmley
et al. four decades ago.7 In this report of 275 cases of
fatality from TAT only 38 patients survived tempor-
arily to reach hospital alive. Of these, 23 died of
rupture within 7 days of admission. They concluded
that to save life, early diagnosis and immediate
surgical treatment was necessary. This observation
was in the pre-surgical era and as pointed out by Pate
et al., the pattern of injury has since changed.48
Rupture at the isthmus occurred in only 45% of their
cases compared to over 80% in many recent surgical
reports suggesting a change in aetiology.9,11,12 Road
traffic accident is now the commonest aetiological
factor in TAT. The mechanism of injury is thought to be
deceleration force where the injury is confined to the
isthmus.8,15 It seems that patients are more likely to
survive the original insult if their injury was located at
the isthmus than any other part of the thoracic aorta.
There is evidence to suggest that modern technology
in car safety design might reduce the incidence
thoracic injury following road traffic accidence.49,50
Surgical management of this group of patients is
very challenging with an operative mortality rate as
high as 30%.1,2,51 Multiple severe associated injuries
are very common and are responsible for the excessEur J Vasc Endovasc Surg Vol 31, 1 2006
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to operate immediately? The Western Trauma Associ-
ation multi-centre study group findings reported by
Camp PC et al. identified age and pre-existing cardiac
disease as major contributing factors to a high
mortality and recommended that such patients may
benefit from longer pre-operative workup or non-
operative management.52 They also noted that it made
no difference to outcome for stable patients having
their operation immediately or if it was delayed longer
than 24 h.
Many more authors have documented the safety of
delayed surgical repair in patients with combined
multiple injuries by first addressing the life threatening
injury or adopting non-operative strategy.10,12,36,51,53–56
Maggissano et al. in their series, managed 44 with
severe concomitant injuries or sepsis by delayed repair
with a 90% survival rate.54 Holmes et al. in a sub-group
analysis of 30 patients with delayed management of
TAT identified 15 patients managed non-operatively
because of multiple severe associated injury, or high-
risk pre-morbid conditions. Patients were followed up
for a mean of 2.5 years. Of these 10 survived without
progression or need for surgery, five had complete
resolution and five a stable pseudo-aneurysm.36 Stable
pseodoaneurysm could rupture many years after the
original injury and a reasonable approach would be to
electively repair it. When surgical repair is carried out
in stabilized patients mortality is less than 10%.11,13Immediate Medical Management and Timing
of Surgery
The natural history of TAT is dominated by fear of
subsequent rupture. The timing of this event is
unpredictable and ranges from a few hours to
months.1,7 This fear is real with in-hospital rupture
rates ranging from 10 to 13% and in most cases
occurring within a few hours of admission.1,2,11 Fabian
et al. observed 24 deaths from rupture out of 207 stable
patients prior to surgical repair.1 Furthermore, 92% of
these occurred within 24 h of admission. Similarly, Von
Oppell et al. in a meta-analysis of 1742 patients with
TAT presenting between 1972 and 1992 published in
English literature noted that 10.3% of combined stable
cases died from rupture prior to surgical repair.2 The
approach to the initial management of these fatalities
from rupture in the above two reports was not stated.
However, more recently, Fabian et al. employed
aggressive concomitant medical management with
anti-hypertensive medication. As a result there were
no deaths from rupture prior to surgery in 71
patients.32 This innovative approach with theEur J Vasc Endovasc Surg Vol 31, 1 2006initiation of anti-hypertensive therapy at the suspicion
of aortic injury, usually prompted by abnormal chest
X-ray or a strong suspicion from the mechanism of
injury, has been widely reported in many other studies
and is a key element in a delayed management
strategy.9–13,48,53,54 Fabian et al. recommended titration
of systolic blood pressure to 100 mmHg and pulse rate
of less than 100/min using intravenous B-blocker,
labetelol or esmolol, and the addition of a vasodilator,
sodium nitroprusside, if satisfactory systolic blood
pressure was not achieved.32 Shorter acting nitro-
glycerine drip will be easier to manipulate than
sodium nitroprusside if the blood pressure were to
precipitously drop. Combination of B-blocker and
vasodilator has the effect of decreasing the aortic wall
shearing force by lowering ventricular ejection
dynamic (dp/dt). This may reduce the risk of
spontaneous rupture. Many proponents of this
approach, championed by Fabian et al., have showed
that by controlling the blood pressure, the risk of
rupture is decreased and it is safe to wait, sort out
immediate life-threatening associated injuries and
stage the operation at more appropriate time.11–13,32,
36,54 In some instances, where surgery has been
delayed due to severe associated injuries, and the
aortic tear monitored with serial helical CT scan or
MRI, complete resolution of a small tear has been
documented.10,12,36
An at risk group which may benefit from initial
aggressive medical treatment and delayed surgical
repair includes anyone with one or a combination of
the following risk factors: (1) cardiac risk factor:
segmental wall motion abnormality on echo, ongoing
treatment of angina, prior CABG and necessity for
inotropic support, (2) head injury: abnormal CT
(haemorrhage or oedema), elevated intra-cranial
pressure or low Glasgow coma scale, (3) pulmonary
injury: pulmonary contusion defined from chest
imaging plus any one of the following, Pao2/fio2!
300 mmHg or PEEP requirement of at least 7.5 cm of
water to maintain satisfactory oxygenation or inability
to tolerate single lung ventilation, (4) coagulopathy:
extensive non-surgical bleeding or INRO1.5 or lab-
oratory evidence of consumption like increase fibrin
split product or platelet!100,000.52,54,56 These include
patients on coumadin as an adjunct to other medical
problem and the severely head injured patient who
has massive release of tissue thromboplastin from the
brain causing abnormal coagulation.
For unstable patients undergoing delayed manage-
ment, Galli et al. recommended a monitoring regime
with daily chest X-ray and helical CT or MRI very 3–
5 days for the first 3 weeks, and subsequently every 3–
4 months until surgical repair.12 Factors that might
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egy include a rapid increase in the size of mediastinal
haematoma or pleural effusion, anuria persisting for
more than 6 h, limb ischemia or free leak of contrast
media within the thorax. In addition, the triad of
grossly widened mediastinum, haemothorax and
transient hypotension indicates impending rupture.57Surgical Treatment: Technique of Repair
Undoubtedly, the most controversial aspect of TAT
management centres upon the prevention of spinal
cord injury. Spinal cord perfusion is dependent on
radicular arteries, the most important being the artery
of Adamkiewicz. These arteries arise from the
posterior inter-costal arteries and the anterior spinal
artery between the levels of T9–T12 in 60% of
individuals. In about 8% of the population, the
anterior spinal artery is discontinuous hence the
importance of artery of Adamkiewicz. Some individ-
ual are, therefore, at risk of developing paraplegia
irrespective of what method of repair that is used
because of this discontinuous anterior spinal artery.
Pre-operative paraplegia is found in about 3% of
new cases at presentation and can result from direct
cord injury due to fracture or dislocation of the spine,
vascular injury to the radicular arteries or from hypo-
perfusion.2
The aetiology of post-operative paraplegia during
surgical repair of TAT is multi-factorial. Important
factors are the duration of cross-clamp, the level and
length of the aorta exteriorised by the cross-clamp and
the perfusion pressure in the aorta distal to the cross-
clamp. Others include a reduction in spinal cord
perfusion pressure gradient due to increased CSF
pressure, total body and spinal cord temperature,
systemic arterial hypotension and the number of
important inter-costal arteries ligated during sur-
gery.48 Patients with TAT do not have the benefit of a
well-developed collateral circulation in contrast to
those with coarctation of the aorta and chronic
artherosclerotic aneurysms.
Available strategies for cord protection during
cross-clamp include: (1) augmentation of the distal
circulation either by use of passive or active shunt, (2)
local or systemic hypothermia and (3) drainage of
cerebro-spinal fluid to reduce cord pressure. Passive
augmentation of distal circulation below the cross
clamp with a reduction in the incidence of post-
operative paraplegia was first reported by Gott in
1972.58 Soon after, Molina et al. published experimental
data showing that the distal flow provided by passive
augmentation from Gott’s shunt was inadequate toconsistently prevent post-operative paraplegia.59 With
this type of shunt, the length of the tube and the
diameter at its narrowest point limits flow. To address
this short fall, Oliver et al. in 1984 used left atrium-
femoral bypass with a heparin bonded circuit and
centrifugal pump to achieve active augmentation of
distal circulation during cross-clamping. The distal
flow provided by this technique was adequate and
they reported no instances of paraplegia in their first
nine cases.60 It must be noted that the number of
patients in this series is small and the positive effect
could just represent type 2 error.
With active augmentation of distal circulation, the
time constraint of cross clamping is eliminated. Active
augmentation of the distal circulation beyond the cross
clamp can also be achieved by partial or full right heart
bypass using a pump oxygenator. This method has the
advantages of being able to support the circulation in
the event of cardiac failure, improve oxygenation in
the presence of severe pulmonary damage and can
improve cord protection by hypothermia. The major
disadvantage of right heart bypass is the necessity for
full heparinization in the presence of fresh trauma.
Different techniques for the repair of TAT include
direct suture where a small tear is present, patch
repair, resection and direct anastomosis or the
placement of an inter-position graft. More recently,
endo-vascular prosthesis has been deployed in the
region of aortic trauma.61 With every method of repair
used paraplegia and renal impairment, the two most
feared surgical complications, may occur.Cord Protection During Surgical Repair
The optimal method for cord protection during
operation is still a source of considerable debate in
the literature. There is ample evidence to show that the
cumulative risk of paraplegia increases substantially
with cross-clamp times greater than 30 min when
distal perfusion was not actively augmented during
surgical repair.1,2,48,62,63 Von Oppell et al. identified
30 min of cross-clamp time as the safe limit beyond
which the incidence of paraplegia dramatically
increases. Their meta-analysis showed paraplegia
rate of 19.2% for simple clamp and sew, 11.1% when
passive distal circulatory support with a Gott shunt
was employed and a drop to 2.3% with active
augmentation. The average cross-clamp time was
41 min in their review.2 Fabian et al. found cross-
clamp time exceeded 30 min in over 67% of cases in the
North American prospective study, They observed
new paraplegia in only 1.7% irrespective of the
method used if cross-clamp was less than 30 min.Eur J Vasc Endovasc Surg Vol 31, 1 2006
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exceeded.
Despite the overwhelming and compelling weight
of evidence in support of the role of augmentation of
distal circulation to reduce paraplegia rates some
authors, championed by Sweeney et al., still advocate
the clamp and sew technique.64 This relies upon their
ability to accomplish the repair within the safe 30 min
of cross clamping. In Sweeney et al.’s series of 71
patients undergoing surgical repair of TAT, by either
clamp and sew or prosthetic inter-position graft, they
recorded an average cross-clamp time of 24 min. Their
overall mortality was 12% with a paraplegia rate of
only 1.5%. This may reflect a very experienced unit
that sees on average 9.4 cases per annum compared to
the international figure of 2.4 cases/annum.2,64 Inter-
estingly, 94.4% of cases in Sweeney’s series were
accomplished with a cross-clamp time of less than
30 min compared with 33% under 30 min in the North
American series.1 In surgical practice, it is not always
possible to predict whether repair can be performed
safely within the 30 min mark.
The risk of bleeding following full heparinisation
for distal mechanical support appears to be overstated.
Pate et al. found that 90.9% of patients survived
without paraplegia with no evidence of new or
increased bleeding attributable to heparin.48 Gammie
et al. used partial left heart bypass with heparin and
did not find any morbidity related to the heparinisa-
tion.11 Of the 134 patients (65%) in the North American
study who underwent repair with CBP none had
significant complication attributable to full
heparinisation.1Table 1. Mortality and paraplegia rate: Open surgical versus
endovascular rapair
Study Number Mortality
(%)
Paraplegia
(%)
Leurs et al. [76]* 50 6 6
Mary-Ane [71]* 9 0 0
Fabian [1]† 207 32 8.7
Von Oppell [2]† 1742 32 9.9
Hunt et al. [63]† 144 44.1 10.5
* For endovascular repair.
† For open surgical repair.Endo-vascular Stent Graft Repair
Despite recent advances in surgical and anaesthetic
technique, surgery for TAT is still associated with
significant morbidity and mortality. Minimally inva-
sive technique may provide an answer in part. Endo-
vascular stent grafts have been used as a definitive
treatment for chronic infra-renal abdominal aortic
aneurysm since 1991 with excellent results.65–67
Encouraged by this, many investigators have applied
the same principles in the treatment of TAT.68,69
Refinement in stent design and materials lead to
production of a more malleable product that can create
a tighter seal when placed across the aortic curvature.
This in turn has lead to an increased use of this
technique in the treatment of patients with concomi-
tant severe injuries that precludes surgical interven-
tion. Although the numbers of patients involved are
still small, several authors have shown that endo-Eur J Vasc Endovasc Surg Vol 31, 1 2006vascular stent grafting in the treatment of TAT is
technically feasible and a safe alternative to open
surgery in high-risk patients. Follow up reports have
suggested a low incidence of endo-leak and stent
migration. Interestingly, in these small series no cases
of paraplegia were encountered.70–73 Avoidance of
clamping of the proximal aorta and prolonged episode
of hypotension as well as the short segment of aorta
stented may account for the low incidence of spinal
problem. A 6 years follow-up reports on the endovas-
cular treatment of the diseases of the thoracic
descending aorta including 18 TAT cases showed an
excellent result.74 Endo-leak was, however, high-
lighted as a major potential drawback in this form of
treatment. Primary endo-leak is reported in 20.35% by
Orend et al. in a series that included large numbers of
atherosclerotic aneurysms.70
Mitchell has identified four different types of endo-
leak that may complicate endovascular treatment of
descending thoracic aneurysm. Type I: leak at
anastomotic junction of the aorta and the stent graft.
Type II: back bleeding vessels within the aneurysm
sac. Type III: stent graft junction leak easily treated by
further stent. Type IV: leak through stent graft fabric.75
A larger database; the combined experience from
the EUROSTAR and United Kingdom Thoracic
Endograft registrar with a total of 443 cases of thoracic
aortic aneurysm including 50 TAT cases treated by
endovascular stent graft reported similar favourable
outcome with low incidence of spinal cord compli-
cations.76 Many more other single institutional experi-
ences have confirmed the safety and feasibility of
endovascular treatment of TAT even in situation where
delayed management had traditionally been con-
sidered the best approach.71,77,78 Endovascular treat-
ment is less invasive and can be performed soon after
diagnosis prior to management of other life threaten-
ing associated injuries. This greater feasibility of
endovascular repair in the acute phase of the injury
is a major advantage over traditional open surgical
treatment. Although this technique can provide an
alternative method of treatment of TAT patients, the
durability of endovascular stent is currently unknown.
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for close patient surveillance in the follow-up period in
order that more knowledge regarding long-term stent
performance is gained.71
Although not comparable because of the hetero-
geneity of the cases and the time frame during which
the cases where treated, Table 1 showed the mortality
and paraplegia rate of some of the published large
series of TAT treated by traditional open surgical
repair and endovascular stent graft.
Many would feel that on the basis of the low
mortality and morbidity, endovascular stent should be
the preferred method of treatment of this very difficult
disease entity. The indications are still evolving for this
technique and there is concern that it might not be
suitable for cases with a large circumferencial tear
associated with a large amount of mediastinal
haematoma. Adequate anatomical criteria for stent
placement include rupture located distal to the left
subclavian artery, a proximal neck of healthy aorta of
5 mm or more, an aorta 36 mm or less in diameter and
the absence of thrombus in the fixation regions.66
Relative contraindications include marked tortousity
of the aorta and stenosis of the pelvic vasculature.67
The benefits include minimal invasiveness and
avoidance of full heparinisation in patients with
multiple injuries. Endovascular stenting can be
performed using local anaesthesia although the
majority of the reported cases were carried out under
general anaesthesia. This was largely because the
patients were ventilated for other reasons at the time of
the procedure. Vascular access can be through the
femoral, iliac or abdominal aorta depending on the
size of the graft.Conclusion
Blunt thoracic aortic injury is potentially lethal
condition with no current uniform approach to
diagnosis and management. Road traffic accidence
accounts for majority of cases in the current clinical
practice. The principal mechanism of injury is
deceleration when a moving vehicle suddenly comes
to a stand still with majority of the tear occurring at the
aortic isthmus. Chest X-ray with widening of the
mediastinum is unreliable as a diagnostic tool.
Contrast enhanced helical CT Scan has replaced the
traditional angiography as the screening diagnostic
tool of choice.
Emergency thoracotomy and repair should be
reserved for the few patients with isolated TAT
without any major concomitant injuries. Delayed
management approach with aggressive bloodpressure control and serial radiological monitoring is
a safe and recommended option for those with severe
concomitant injuries or other medical co-morbidity
that puts surgery at high risk.
Active augmentation of the distal perfusion press-
ure during cross clamp offers the best protection
against development of paraplegia during open
surgical repair.
Endovascular stenting offers a minimally invasive
method of treatment but the long-term durability of
the endovascular stent is still unknown. We feel that
the greater feasibility of the endovascular repair in the
acute phase of the thoracic injury is an advantage over
the open surgery and should be the treatment of choice
in patients with severe concomitant injuries. We
believe this review is the first to offer a balanced
viewpoint on all management modalities available.References
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